Europe-LAND Webinar #14: Future expected land-use patterns in the EU
24.09.2026

Gheorghe KUCSICSA, Mihaela SIMA
Institute of Geography, Romanian Academy

Europe-LAND

EUNOPE
LAND

Funded by Funded by the European Union (101081307). Views and opinions expressed are however those of the author(s) only and do not necessarily reflect
the European Union those of the European Union or EC-CINEA. Neither the European Union nor the granting authority can be held responsible for them.



2= Short Introduction

<=
EUrope
— LAND

Climate change directly influences agricultural and forest systems by altering
productivity, water availability, distribution and health (IPCC, 2019; 2022)
Several studies have identified a strong correlation between climate drivers and LULC
patterns (e.g., Minch et al., 2019; Zewdu et al., 2025), mainly affecting agriculture and

forestry (e.g., Beach et al., 2015; Arora et al., 2020) LULC is a dynamic and
complex phenomenon
caused by the interactions
understanding the future dynamics of agriculture and forestry of different natural and
under climate change scenarios at different scales is highly socioeconomic factors
necessary to properly design sustainable land management
strategies
This modelling aims to identify areas potentially exposed to future climatic pressures
and changes in land suitability, with a focus on agricultural and forest systems
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LU/LC dlasses

Code || Main category

Built-up areas

SYAHY T 1D 14 LU

Arable lands

Vineyards

Orchards

Agricultural complex cultivation patterns

Heterogenous Agricultural areas

Pastures

Natural grasslands

SV TYHNLIND 199

Transitional

woodland-shrub

Broad-leaved forest

Mixed forest

Coniferous forest

Open spaces with little or no vegetation

SYAHY TYHNLYN/TYHNLYN-INS

Not simulated

13

SIIWYNAG
NTWOD HLIM/QILD IML53H DM
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LU/LC
in 2018
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in 1990
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__ pattern change _|

Past LU/LC

(1990-2018;
2006-2018)

Linear trend of LU/LC pattern change

The Context (Europe LAND Project)

(2019-2050)

B

Two BASELINE SCENARIOS (BS)

BS1 =scenario that simulated future LU/LC pattemn
change under the current condition of driving factors,
and current LU/LC changes. The future demand is
adapted to current trend of LU/LC pattern change,
registered in the post-communist period (>1990)

BS =scenario that simulated future LU/LC pattern
change under the current condition of driving factors,
and current LU/LC changes. The future demand is
adapted to current trend of LU/LC pattern change,
registered in the EU post-accession (>2006)

Four ALTERNATIVE SCENARIOS

Shbhc =scenario that simulated future LU/LC pattem
change taking into account LU/LC conservation
strategies inside the protected areas

Scc =scenarios that simulated future LU/LC pattern
change under the climate change:

1) According to SSP1-2.6

2) According to SSP3-7.0

3) According to SSP5-8.5
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Agricultural land = 53% of the
The study area: Romania

Position of Romania (a) and the current country's total area (12,689,000
» a South-Eastern European country distribution of agricultural and forest ha) = (8.1% of EU; Eurostat, 2024;
» covering around 238,400 Km? Ep— o classes (b) (CLC, 2018) https://ec.europa.eu/eurostat/dat

rrrrr

abrowser/view/tag00025/default/t

> high diversity of landscapes able?lang=en)

> includes 42% of the
Carpathian Mountains

Afforested land = 29% of the
country's total area (6,957,000 ha)
= (3.5% of EU; Eurostat, 2025;
https://ec.europa.eu/eurostat/dat
abrowser/view/for_area/default/t

A relevant case study for
examining the spatial

response of agricultural arable land able?lang=en&category=for.for_sf)

M vineyards

and forest systems to M orchards
M agricultural complex o —

1 1 o cultivation patterns 0 50 100 Km
C h a n gl n g CI Im atl C heterogenous agricultural areas M broad-leawed forest
Hr pastures [l mixed forest |- tai f Il = plai :
con d Itl ons natural grasslands W coniferous forest others I —mhﬁll;/na?]g tl:tgg’lgzd regions IV — %er?urt?glggﬁa
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Pattern-based simulation method (CLUE-S model)

CLC database (2006, 2018) & 20 Factors of change:
environmental, socioeconomic, distance factors, protective
measures

3 climate projections (aligned with the Shared
Socioeconomic Pathways): SSP1-2.6; SSP3—7.0; SSP5-8.5
(growing-season mean temperature and precipitation)
Simulation period: 2019-2050

Simulation resolution: 250 m

13 LULC categories simulated: Built-up areas; Arable lands;

Vineyards; Orchards; Agricultural complex cultivation
patterns; Heterogenous Agricultural areas; Pastures;
Natural grasslands; Transitional woodland-shrub,; Broad-
leaved forest; Mixed forest; Coniferous forest; Open spaces
with little or no vegetation

4 scenarios: Baseline (BS) & 3 climate change-related
(CCSs)
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Methods & datasets

= SHapley Additive Explanations — SAHP

Other procedures:

(contribution of current climate)

" the non-parametric Mann—Kendall test (= spatial

trend)

® bidimensional heatmaps (= spatial shift)
" transition matrix (= structural dynamics)
= Cells exceeding the 90th percentile (= hotspots)

IMPUT DATA

LAND USE/LAND COVER FACTORS OF CHANGE

LULC 2018 socioeconomic & environmental + climate projections
(reference) --------------------------------------- (actual) (future)

. MODELLING FRAMEWORK

ECLUE-S model — LULC SC”)ENARIOS

re'ﬁl'é'&'{ﬁé"é'é'{ﬁéi%th
future climate

}
i LULC 2019 2050 LULC 2019-2050 i
e > (baseline) (climate change related) <

baseline vs climate-related

: Y i :
isolated future climate signal
(only future climate contribution on LULC change)

'ANALYSIS OF SPATIAL INDICATORS/
HEATMAPS TRANSITION MATRIX HOT SPOTS

!
spatial LULC transitions (type / magnitude / location)
altitudinal vs latitudinal shift temporal dynamics  change concentration

OUTPUTS
COMPARATIVE ANALYSIS

baseline scenario climate-related scenarios climate-related scenario vs
vs reference vs baseline climate related scenario

agricultural and forest land trajectories
under climate stress (up to 2050)

Working hypothesis: assuming
that changes in thermal and
pluvial regimes will lead to shifts in
the spatial distribution of
agricultural and forest lands, while
non-climatic drivers remain
unchanged

¥

changes in agricultural and
forest lands are quantified
exclusively as potential
responses to the modelled
climatic variation

*

understanding climate
contribution on agricultural
and forest lands
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EUrope CLUE-S = o model specifically developed for the spatially explicit simulation of LU/LC

— LAND pattern change, based on an empirical analysis of location suitability combined with the Pattern-Based Scenarios of Potential
dynamic simulation of the competition and interactions between the spatio-temporal Agricu ltural and Forest Land Dynamics
dynamics of LU/LC systems (Veldkamp and Fresco, 1996, Verburg et al., 1999; 2004; 2010)

-identification/selection of the explanatory factors

Integrating Climate Scenarios in CLUE-S
o e (the Conversion of Land Use and its Effects
ANALYSIS /..,

CELLULAR AUTOMATA |-——---rmmmmrmem- : at Small regional extent) model (Verburg
MARKOV CHAINS |- , Soason (GRD o ASOI T | and Overmars, 2009)
E i CLUE Dyna-CLUE

T , INPUT DATA
Logistic Regression

STATISTICAL)
ANALYSIS

' Large extent,

I SPSS
----------------------- * CLUEs 4-—-5 - ution ~-....._.._”".m"_NN',..~“""-(Egg?aﬂf.v:ﬁ§ei§§icRegression(BLR}
+ Decision Rules T esolution ———" iiole LU Where will the LU/LC pattern change
o rest-cover Chapnges " take place? (= location) .
ooy, (R oynamics & Spraw What LU/LC pattern change will occur?

s rarealalga (= transition/conversion)
software statistical validation

protected areas SPATIAL POLICIES
land use policies AND RESTRICTIONS

cLues \* future When will the LU/LC pattern change
land use/cover \ ¥ _[|and uselcover). . —— )
— change allocation/ ™" Synaimios = Groundwaters Agricultural Land take place?
multi-temporal land DEMAND | _A\_ procedure Vulnerabilit Abandonment g
use/cover spatial data (scenario condition) cg;;‘ﬁ:}ﬁg/g;ﬁ% \ (— t| me)
oxansioryBclars How much will it change?
biophysical LAND USE/COVER SPECIFIC .
sociaconoiié X > |__LOGATION SUITABILITY B Carbon (= magn |tude)
binary logistic re_‘qressions (SPSS) De gra dation Sto rage
(stepwise regression) ECOS\,’S te m
services
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=N Climatic influence on agricultural and forest dynamics

EUrope

—LAND The projected evolution of climate indicators

SHAP: Relative importance and direction of

influence
» Temperature = more consistent contribution

across the analysed LULC

» Precipitation = particularly relevant for several

agricultural classes

T

AGRICULTURAL COMPLEX HETEROGENOUS NATURAL BROAD-LEAVED CONIFEROUS
ARRBLELANDS  VINEYARDS ORCHARDS ()| TIVATION PATTERNS AGRICULTURAL AREAS /o1 URES GRASSLANDS MIXEDFOREST FoREST o
X _-{ X, ‘| X, 4 Xis P Xis P high sz P x1 " st I'— """"""" et X5 H X15 I_“1
X, M X % L. X ol x 1 X. X —a X X, —
e e [ Pt o e M | X FX X Bk
Xs X, } X { X { Xia | Xa r X, i Xis q X, b Xis
Xis q Xis | X boX, 1] X | X, Xy sy X, ¢ X, t X, i ame—y
X, 4 Xy X X X =] | %o X { X, { X X, =]
Xis K Xis | Xis | X, | X, Xis ' Xao i X | X "-I X,
X, b X, X b X, | X, g X, b G, | X, f X, Xeo
Xa i' i Xm + Xg l Xs ! xwe' e Xm l Xm l-' e X7 '-- —“;x X“‘
Xio - Xs | X _| X, p- Xao Xyt 'i Xis l X ‘i X, X
X, -~ X | Xap | X 1 Xs s X, -{ Xy ""I X, . X, I X
X ™ '{ X, | X l’- Xz l X 9 X, | X, "i X, | Xis | Xs
X | X [ X 4 x 1= % X | X { Xy el X L XY
- : X e SSE3L0 ,/ e SSPrEDL m226-240c| X period MEA DEVIATION
5 \ | A W211-225 XQ Relief major units
¥ 15-210 % 19902018 (Scco  [Ses  |Swp | Scco |Seci |Seen
e | x Mountain regions 135 148 [148 [150 |15 |20 |24
1??:1132 Xy Hilly & tableland regions |17.4 18.8 |18.7 |19.0 |1.5 |19 |2.4
0.95-1.10 X18
o | % Plain regions 195 210 |208 |211 |17 |21 |26
0.21-0.35
WS -1 Danube Delta 19.3 207 |205 (208 |16 |19 (24
AVERAGE 169 183 |182 |185 |16 |20 |25
Mountain regions 588 606 599 607 19 |-8 |9
W -130 — -120 mmy
Rilelraid Hilly & tableland regions | 415 428 |426 (429 (13 |3 |7
W -100 - -90
L e Plain regions 346 343 (384 (345 |7 |47 |21
-60 - -60
e Danube Delta 199 202 (204 |200 |2 |3 |11
40 --30
AVERAGE 448 450 |448 |451 |9 |8 |11

| — mountain regions; 1l — hlllyandtableland reglons 11l — plain regions; IV — Danube Delta
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Comparison of historical (1990-2018) and projected
(2019-2050) growing-season mean temperature and
precipitation

Overall moderate changes

> significant increases in temperature
for all projections, with averages
rising from 1.6 to 2.5 °C, particularly
in plain and mountain regions

> Precipitation shows slight
decreases across plain regions and
the Danube Delta, while mixed
trends are observed in mountain,
hilly, and tableland regions
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Projected LULC pattern in 2050 under climate change

LULC flows related to agriculture

1 stable areas

E u r O p e 14000000 2M increase in land-use intensity
12000000 3 decrease in land-use intensity
— LAND l 4 expansion onto forest land
g D) ATy [omolnakiTedions 10000000 5 expansion onto non-forest land
’//iy{v B G \\ I'ﬁg_ior;im . 1 8000000 6l land abandonment
P s \ IV — Danube Delta 6000000 (leading to forest expansion)
N o
Q\M b - | \ 717 land abandonment
I ] 4000000 (leading to non-forest land)
Ty
5 The } o9 { 2000000 I Scc,
st ’) ! “‘)%\ ] 5 6 mEs o _ Scg,
N e L Sl 3\4\"’ R 2 3 4 5 6 7 BScc,
;J o Virte” gl
W /,— '/j\s %iu‘?/
B AR LULC flows related to forests
,1_; L3303 ,f\ N 1 stable areas
BT 5 W TN 7000000 m 2[¥ expansion onto agricultural land
o R X . 5
\‘,’ % \\\ 6000000 3l expansion onto non-agricultural land
(/\ i ‘}\, \ ( 5000000 41 |ntra-for§st t(;ansmo:s
A g { 5 contraction due to the
s Z o s 4000000 expansion of agricultural land
¥ 1 Nl 3 ; \\& - 3000000 6 M contraction due to the
e Saa e Wiladihy ?} il % expansion of non-agricultural land
2ol VAL j jf'/‘{J 2000000
SR R S (/ 1000000 I Scc,
N itk o Scc;
e - R 0 BScc,
J;\\\\{\A.\///N i 2 3 4 5 6 »
\/ L‘V\" B B \
e \ 3 —
v e Y
} ?\/ LULC CLC2018 S Seo Sea S
1. Arable lands 8,655,431 8,938,575|9,057,931 8,952,656 9,024,369
4|2. Vineyards 224,325 150,394| 138,313 140,644 | 159,500
|3. Orchards 278,588 175,313| 222,563 213,894 212,113
Y }»/" 4. Agricultural complex cultivation patterns 835,338  821,431| 796,100 799,588 774,344
. 5. Heterogenous agricultural areas 917,063 692,850| 665,350 678,269 642,438 —CCSs vs
2. |6. Pastures 2,624,181 2,581,125|2,565,969 2,519,069 |2,621,356 BS
7. Natural grasslands 578,294 630,381| 593,638 563,356 602,700
8. Broad-leaved forest 4,895,331 5,020,600(5,023,369 5,121,7695,016,956
9. Mixed forest 1,043,813 1,054,513]1,050,994 [1,055,794| 998,981
SSP3-7.0 SSP5-8.5 10. Coniferous forests 1,189,244 1,217,575|1,203,275 1,201,650 1,202,544
decrease increase
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Results

Projected LULC transitions

. 3 : y : :
S a9 S - L 3 S B S
3 € a | |3 8 . | <8 s € @ 8 |3 g . | <8
£ 8 $ £ S s R £ g s |38 3 5 | S
S £ g s | £ g3y S E g S |e £ g3
8 S8 33 a 2 © S e 8 S3 g3 =5 2 RS S
g Ky = 3= 8 |5 3 B L 8 8 K =2 3= g | = 3 % S g8
s g 9 s §B s |2 3 4 2 | €2 & 2 o 85 §E 5 |8 H ¢ g [8e
s bl 8 S8 93 @ > |8 3 s 3 s & g 3 ksl o 38 g3 © S s 3 s 3 S
2 = s 14 £E 9&£ < 3 B 3 = & 8 n et 5 Ry £EE 9& < s ES o = E B
& 3 S s 38 83 § g | S| S ) s |28 3 K S s 38 983 § g |5 - ) s |28
£ |3 T ¢ €& 8¢ & & |83 8 $ T lge £ | % T 0§ €2 g€ 3 2 [ 23] 38 ¢ F (g
S £ 8 53 3 5 5 g g S E 3 & 2 53 3§ & s | 8 S § S E
d |l < § & W g & =2 |&Es| s 5§ S| SE &< § & IJ g & 2 |&%| & S & |cE
Built-up areas |1268519 N/A (a) 1355712 N/A (b)
Arable lands| 46569 4531 1206 26150 9719 50894 1281 26250 72788 244 400 1831
Vineyards| [1544 5600 (150394 4138 57275 344 52644 |86688 10625
Orchards| [694 5944 175312 (58188 28719 231 32356 142381 306
Agricultural complex|
e P la06s6 33188 514688 24481 2319 58625 48994 |543812 (54131 6862 4488 844
cultivation patterns
i 6824 43188 69800 [s56912 31738 381 75069 7019 [ag0331
Agricultural areas
Pastures|[19181 69112 102188 1949269 (80850 48625 26804 78706 |2023325 (531 17350 2056
Natural grasslands Eﬁ* 3806 7781 46575  [265356 |6400 750 62138 1485000 |5112 29619 5275 39869 2481
Transitional |, ooy, 3419 40625 32806 (354069 |28881 431 9794 8250 612 7300 33606 322850 |6204 956 1031
woodland-shrub
Broad-leaved forest| [2756 50238 275 14831 (4273425 | 14084 93544 2712 3969 24062 39164 73000 2456 6638  |4766112[1231 7669
Mixed forest 3700 3319 1544 1056 2056 244 11325 (1038069
Coniferous forest 538 2056 47369 381 11481 938 1338 10569 34425 3738 9306 5106 1152012
 Open spaceswith |00y 1425 1556 4231 775 31 1375 381 1906 2188 9681
little or no
Built-up areas |1370175 N/A (C) 1367162 N/A (d)
Arable lands| |4100 2300 42183 3238 96394 1331 14675 60200 2112 14381 2344 4000 16631 135¢4 (104175 288 5575 31056 21144 781 800
Vineyards| 388 118869 13019 275 406 122481 20156 7244
Orchards| 22319 149825 769 170450 4750
Agricultural complex|
ety P a3 asem 44912 |s46112 (58300 1731 575 3344 406 4712 67512 22100 (530969 (27654 906 262 43625
cultivation patterns|
Heterogenous| |, q) g5 581 [s19700 656 1919 925 9350 33704 (526756 11512
Agricultural areas
Pastures|[1669 45456 18256 74875 |2009144 2862 33062 -msu 431 2 4sa62 (2142762 9131 85338 29525 2062
Natural grasslands 569  [486362 |16919 33806 2019 50888 (459619 (24356 23888 1094 35269 2700
Tensitonal 1275 28512 336512 6419 2056 5000 10831 (348662 |4462 5106 594
woodland-shrub
Broad-leaved forest 20800 30112 1800 5500  |4848744 |3794 67631 262 4162 19256 25094 48506 4138 4444 (4823006 |15919 8075
Mixed forest 1656 33656 (1014306 6156 37438 16800 83688 350 38575 [8s57519 13831
Coniferous forest| 37819 5456 8888 3500 3400 981 8006 42356 7475 7812 5606  [1141800
Open spaces with
PE=ps 1281 962 388 988 1181 319 231 688 644 9625

little or no vegetation

(a)
(b)

(c)
(d)

130,000 ha
110,000
90,000
70,000
50,000
30,000 |

10,000
-10,000
-30,000
-50,000

“ Scci

ccp

Gains vs. losses

i L

-70,000

LULC transition matrices:

BS relative to 2018
SSP1-2.6 relative
to BS

= §S5P3-7.0 relative
to BS

= §SP5-8.5 relative
to BS

1234567 8910

Persistence = dominant across all
scenarios
Changes
" jnternal agricultural transitions

(i.e., increases and decreases in
land-use intensity) dominate
across all scenario

= forest expansion over agricultural

lands dominate across all scenario
® forest losses to agricultural uses
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E?_Qr\gsg Projected altitudinal/latitudinal shifts
— LAND ® Arable land + complex cultivation patterns +

pastures = expansion of their altitudinal
range;
® vineyards + heterogeneous agricultural areas =

downward shift in altitude & upward shift in
Agricultural latitude
land " broad-leaved = consistent upward shift

" mixed forests = downward shift of the lower
Gk &L ddke limit
m = coniferous forests = decrease of both upper
Sl | and lower altltudmal I|m|ts

2018 S..,

O tand | 2018 T S... T See,
2200

zzzzz

2200

]
ittt (1] - i L_ g, 2400/ Mixed forest

Forests

2400 —
Complex cultivation
2200] patterns

e ] 1000 ‘
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Hotspots of LULC
changes across
agricultural and
forest lands under
climate change
scenarios relative to
the baseline
scenario

| — mountain regions <=2
Il - hilly and tableland regions

Il — plain regions

IV — Danube Delta

Under SSP1-2.6:

» agricultural internal dynamics: increasing
land-use intensity (transitions from lower- to
higher-intensity uses) & decreasing intensity
(transitions from higher- to lower-intensity
uses)

> internal forest transitions and gains linked to
agricultural lands

Bl SSP1-2.6 relative to S,

——
0 50 100 Km
P 290 in: :
SSP1-2.6 & SSP3-7.0 11 SSP3-7.0 & SSP5-8.5
SSP3-7.0relative to S,  relative to S, relative to S,
SSP5-8.5relative to S, Ml SSP1-2.6 & SSP5-8.5 M SSP1-2.6 & SSP3-7.0
relative to S,

& SSP5-8.5 relative to S,

Projected concentration of LULC pattern change

P <90 or no changes

Under SSP5-8.5:

» dominance of external agricultural
transitions linked to decreasing

Spatial significant concentration of
LULC changes across the scenarios

¥

The hotspots are associated
with:

> Increase in temperature, with
a mean rise of about 0.3 °C
(in SSP1-2.6) and 1.35 °C (in
SSP3-7.0) to around 1.8-2.0
°C (in SSP5-8.5)

» decrease in precipitation of

land-use intensity

» forest land exhibits external

transitions associated with
agricultural land use gains

about -5 mm (in SSP1-2.6)
and -35...-40 mm (in SSP3-
7.0) to approximately -55...
-60 mm (in SSP5-8.5)
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Several studies addressed to LULC modelin
EUrope 8

at national scale, but without including
LAND climate projections (e.g., Malek et al., 2015;

Kucsicsa et al., 2019, Kucsicsa et al., 2022).

» (To our knowledge) this modelling is the first at national level in Romania that quantifies the

potential impact of future climate change on agricultural and forest sectors suggests a general stability of agricultural
and forestry systems up to 2050 under

climate change

\ 4

»> An overall high persistence of the transitions in analysed LULC categories ¢
suggest a redistribution of suitable climatic
conditions, creating opportunities for

> Increase in land-use intensity, particularly in the northern part of the country expansion and relocation, as well as

» Decrease in land-use intensity and land abandonment in the southern regions ——— contractions

» Positive altitudinal shift for broad-leaved forests and expansion to lower altitudes for mixed forests

suggests that agricultural land exhibits a
—— greater spatial extent of change compared
to forest systems (lower ecological inertia)

> Distinct responses of agricultural and forest sectors to changing climatic conditions *——

suggests that high altitudes are more
sensitive to climate change

» Hilly and mainly mountain regions are more exposed to LULC changes under climate change I

suggests that anthropogenic pressures may

play a more significant role in shaping LULC
» When comparing CCSs to BS we found that Climate-only perturbations produced smaller changes than ' dynamics than projected climate

current conditions changes(up to 2050)

: Funded by Funded by the European Union (101081307). Views and opinions expressed are however those of the author(s) only and do not necessarily
the European Union reflect those of the European Union or EC-CINEA. Neither the European Union nor the granting authority can be held responsible for them.




== Summary of the main findings

Eﬁ%ﬁg Policy implications

— LAND

1. Overall persistence of forest and agricultural land use classes, but with significant heterogeneity at the spatial level
In general, LULC classes remain largely stable through 2050, but this masks pronounced regional variation—some areas see

substantial transitions while others change little. Mountain regions stand out as particularly climate-sensitive hotspots.
. Regionally differentiated policy: land management and adaptation strategies need to be tailored to local/regional conditions rather than applied
uniformly at the national level.

2. Agricultural systems are shifting north and upslope
There's a latitudinal shift of agricultural intensity toward the north (and a smaller upward shift in elevation), while southern regions
show declining land-use intensity and land abandonment — consistent with worsening climatic suitability there.

3. Agricultural land abandonment may facilitate spontaneous reforestation/rewilding, but not necessarily biodiversity
recovery. Prolonged abandonment may also lead to the loss of open-habitat species associated with traditionally managed
agricultural landscapes (e.g. pastures’ biodiversity). Biodiversity outcomes therefore depend strongly on the ecological value and

management history of the abandoned land.
. Policies to tackle land abandonment in the marginal and southern agricultural areas: either to support continued viable agriculture where
feasible, or to proactively plan for land-use conversion (afforestation, conservation) where abandonment is likely anyway.
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4. Forests are also shifting, but more slowly. Forests show a northward latitudinal shift too, with differentiated altitudinal
responses by type: broad-leaved forests moving upslope, mixed forests expanding downslope, and coniferous forests relatively
stable. Forests change far less than agricultural land overall, likely due to long life cycles and high ecological inertia — they act as
a buffer against short-term climatic variability.

* Forest policy should anticipate delayed but accelerating change.

5. Change is threshold-driven, not linear. Responses don't scale proportionally with scenario severity, suggesting
ecological/land-use systems react at certain thresholds rather than gradually — making outcomes harder to predict from climate
trends alone.

*  Monitoring systems and early-warning indicators may be more useful than linear projections for anticipating tipping points in specific regions.

6. Human/institutional drivers may have a stronger influence than climate factors. Notably, climate-only scenarios produced
smaller changes than baseline scenarios that include socio-economic factors — implying land management policy, market forces,
and declining interest in farming may drive land-use change more than temperature/precipitation shifts alone, especially in
agriculture.

* Address non-climatic drivers directly: interventions targeting subsidies, land tenure, market incentives, and rural depopulation may be more
impactful than climate adaptation measures alone.
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Thank you for your attention

Dissemination

The findings presented here are currently being considered for publication in Scientific Reports (Nature Portfolio).
Manuscript title: Integrating climate change into pattern-based modelling of agricultural and forest land dynamics in Romania
Authors: Gheorghe Kucsicsa, Mihaela Sima, Marius-Victor Birsan, Elena-Ana Ursanu, Dan Balteanu
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